Here we describe the development of 18 polymorphic microsatellite markers for the endangered Spanish imperial eagle ( Aquila adalberti). Microsatellites were tested in five other raptor species. These markers were revealed as good molecular tools for genetic population studies, individual identification and parentage assessment in Spanish imperial eagle and closely related species.
The Spanish imperial eagle (Aquila adalberti) is one of the most endangered raptors in the world (classified in the CITES Appendix I). During the 20th century, the species has suffered a strong demographic bottleneck (González et al. 1989) . Currently, around 131 breeding pairs (year-2000 census by SEO Bird Life) are distributed into several breeding nuclei in southwest Spain (Ferrer 1993 ). The present situation of the species remains critical mainly because of human pressures and the sharp decline of rabbit populations, which are their main prey. The development of molecular genetic tools is deemed crucial for the management and conservation of this species.
Microsatellites are particulary suitable for studying endangered species as they allow working with samples collected noninvasively, such as feathers and eggshells (Pearce et al. 1997; Taberlet et al. 1999; Strausberger & Ashley 2001) . To our knowledge, no microsatellite markers have been described for any Aquila species and they have only been developed for three other raptor species (Nesje & Roed 2000a; Gautschi et al. 2000; Nesje et al. 2000b ). Here we characterize 18 polymorphic microsatellite markers developed for the Spanish imperial eagle. They will allow the assessment of the genetic structure and variability of remaining populations (Nesje et al. 2000c) .
Correspondence: Begoña Martínez-Cruz. Fax: +34 954 62 11 25; E-mail: bemar@ebd.csic.es Microsatellites were isolated from a GT dinucleotide repeat enriched genomic library using a modified nonradioactive capture-hybridization method (Refseth et al. 1997 ) modified in Sarno et al. (2000) . Genomic DNA was extracted from a blood sample of a female chick Spanish imperial eagle sampled in Aceuche (Cáceres) in 1996, using a standard phenol-cloroform protocol (Sambrook et al. 1989) . Microsatellite isolation procedure was as described in Sarno et al. (2000) .
Nonredundant clones were selected from fragments that contained only one uninterrupted microsatellite composed of at least 10 tandem repeats and that had flanking sequences that were long enough to design primers. Fortyfour primer pairs were designed from selected clones using the Microsatellite Target Identification Program (R. Stevens and V.A. David, unpublished) and the program primer 3 (available at www.genome.wi.mit.edu/cgibin/ primer/primer3_www.cgi). From an initial amplification in 15 unrelated individuals using dUTP labelling (David & Menotti-Raymond 1998) , 17 polymorphic dinucleotide and one tetranucleotide were selected. Forward fluorescently labelled markers were tested further in a total of 38 Spanish imperial eagles and in other raptor species. Polymerase chain reactions (PCRs) were carried out in a MJ Research PTC-100 thermocycler in 20 µL containing 16 mm (NH4)SO4, 2.5 mm MgCl 2 , 0.25 mm of each dNTP, 0.5 U Taq DNA polymerase (Bioline), 0.25 µm of each primer and 62.5 ng DNA, under the following conditions: an initial denaturation Exact test of Hardy-Weinberg equilibrium showed significant heterozygote deficits in some loci (*P < 0.05; **P < 0.01; ***P < 0.001). ^ indicates fluorescently labelled primer. step at 94 °C for 2 min; 17 cycles of 92 °C for 30 s, annealing at 66 -50 °C for 30 s (1 °C decrease in each cycle), and extension at 72 °C for 30 s; 19 cycles of 92 °C for 30 s, 50 °C for 30 s and 72 °C for 30 s. A final extension was programmed at 72 °C for 5 mn. Fragments were analysed in an ABI 310 Genetic Analyser (Applied Biosystems). Allele scoring was done with Genotyper 2.5 software (Applied Biosystems). Observed and expected heterozygosities and paternity exclusionary power were estimated with the program cervus (Marshall et al. 1998) . Linkage disequilibrium and Hardy-Weinberg equilibrium were tested with the probability test of genepop (http://wbiomed.curtin.edu.au/ genepop/index.html (Raymond & Rousset 1995) . Probability of identity (PID) and probability of identity of full siblings (PID sib ) were estimated as described in Waits et al. 2001) .
The mean number of alleles per locus among Spanish imperial eagles was 4.0 (Table 1) . Expected heterozygosities ranged from 0.29 to 0.76. Only 10 of the loci conformed to Hardy-Weinberg expectations when tested with the probability test of genepop (Table 1) . Evidence for linkage disequilibrium between some pairs of loci was found in Spanish imperial eagle, but not in the eastern imperial eagle, A. heliaca (the sister species). The total exclusionary power in parentage analysis of these loci is 0.951 when both parents are unknown and 0.998 when one of them is known Table 2 Cross amplification of the 18 microsatellite markers in five raptor species. Some of the loci are fixed for some species. Number of individuals typed is shown in parenthesis when different from n. *** means no amplification product was obtained. None of the products have been sequenced
Aquila heliaca (n = 18)
Aquila chrysaetos (n = 6) Aquila nipalensis (n = 5) Hieraaetus pennatus (n = 8) Haliaeetus vociferoides (n = 8) (Marshall et al. 1998) . PID and PID sib are 2.9 × 10 −11 and 1.8 × 10 −5 , respectively. A cross amplification test was performed in five other raptor species spanning from the sister taxon, the eastern imperial eagle (A. heliaca), two other species of the same genus, the golden eagle (A. chrysaetos) and the steppe eagle (A. nipalensis) and two species from different genera, the booted eagle (Hieraaetus pennatus) and the madagascar fish eagle (Haliaeetus vociferoides) ( Table 2) .
The microsatellite markers reported here provide powerful tools for population genetic studies, paternity assessment and the unambigous identification of individuals for ecological and forensic applications for the Spanish imperial eagle and related species.
